Abstract: In this study, for the first time, the morphology of the dorsal and ventral skin of Triturus karelinii using light microscopy through histochemical methods was described. The skin exhibited basic morphological characteristics of the other urodeles: the epidermis composed of keratinized stratified epithelium with numerous conical protrusions and the dermis subdivided into spongy and compact layers. In the spongious dermis, three distinct types of glands were observed, namely serous, mucous and mixed glands. These glands were alveolar and occurred in both males and females. The morphologies of all three skin glands differed from anurans and other urodeles, having peculiar characteristics. Serous glands exhibited three different appearances. An unusual finding in mucous glands was the different appearance of their granules, showing diverse density after staining with PAS and AB. The histochemical analysis clearly demonstrated the presence of neutral, acid and sulfated mucins in the adenocytes of mucous glands. Mixed glands formed by mucous and serous glands exhibited the same morphological traits of both types of glands. Light microscopic observations revealed that the dorsal and ventral skin showed structural similarities with some minor differences, possibly resulting from their functions.
Introduction
Amphibian skin separates the animal from its environment, being an important regulatory organ and it performs several functions including respiration (Duellman & Trueb 1994) , ion and water transport (Toledo & Jared 1993) , reproduction (Gorbman et al. 1983) and chemical defense (Clarke 1997) . These functions are performed by specific structural, biochemical and physiological properties of the skin components.
Fundamentally, the adult amphibian skin consists of two layers: the epidermis and dermis. The epidermis contains various cell layers comprising four strata starting from dermis toward the outermost layer: the innermost stratum germinativum, stratum spinosum, stratum granulosum and stratum corneum (Fox 1986) . The dermis layer is made up of two layers known as the stratum spongiosum and stratum compactum. The stratum spongiosum contains nerves, pigment cells, blood vessels and skin glands whereas the stratum compactum consists of dense connective tissue in which collagen bundles are firmly attached to a thin hypodermis (Duellman & Trueb 1994; Gonçalves & Brito-Gitirana 2008; Felsemburgh et al. 2009 ).
On the other hand, the amphibian skin is characterized by numerous dermal skin glands. On the basis of structural, ultrastructural and histochemical properties, the amphibian skin possesses two types of cutaneous glands: mucous and granular (serous or venom) glands (Toledo & Jared 1995) . Additionally, the presence of two types of skin glands in certain amphibian species has been described by some authors: lipid (or wax) (Warburg et al. 2000; Nosi et al. 2002) and mixed glands (Seki et al. 1995; Staub & Paladin 1997; Tsurada et al. 2002) . Furthermore, the secretions of the dermal glands are source of proteins, peptides, biogenic amines, alkaloids, steroids and lipids (Daly et al. 1987; Bevins & Zasloff 1990; Warburg et al. 2000) .
Amphibian skin has long been used as a model tissue for morphological, biochemical and toxicological studies. Data from amphibian skin studies provide evidence that the skin structure displays great morphofunctional diversity in adapting to the environment. Thus, environmental change is an important key for the classification of amphibian species. Although there are numerous studies on the morphology of amphibian skin, most of them focus on anuran species. Little is known about skin structure, especially dermal skin glands of urodele species. Moreover, no data on the Triturus karelinii (Strauch, 1870) integument have been found until now. For this reason, the aim of this study is to describe the dorsal and ventral skin structure of the newt T. karelinii, which is the most common urodele in Turkey.
Material and methods

Animals
Two adult males and two females of Triturus karelinii were c 2011 Institute of Zoology, Slovak Academy of Sciences captured locally from lakes and artificial ponds in Istanbul according to the Turkish laws (licence 5194, 24.06.2004) . Animals were anaesthetized with buffered MS 222 0.1% (Tricaine methane sulphonate, Sigma) before euthanasia.
Light microscopy
Skin samples were quickly removed from the dorsal and ventral areas and then fixed in the Bouin's liquid at room temperature for 24 h. After dehydration in a graded ethanol series, tissues were cleared in xylene, embedded in paraffin and 5-6 µm serial sections were cut using a Leitz 1212 microtome. Sections were stained with different histochemical methods and analyzed using an Olympus microscope.
Histochemistry
For the histochemical study, the following methods were used:
Hematoxylin-Eosin (HE) and Masson's trichrome stainings for skin morphology (Humason 1972) .
Periodic acid-Schiff (PAS) method (Humason 1972) for neutral mucosubstance identification.
Alcian blue (AB) at pH 2.5 (Humason 1972) and at pH 0.2 (Bancrofft & Cook 1984) for detection of acid mucosubstances.
Mercury bromophenol blue staining (BB) (Mazia et al. 1953) for proteins.
Aldehyde fuchsin staining (Humason 1972) for sulfated mucosubstances.
Results
The dorsal epidermis of Triturus karelinii was composed of about 3-5 layers of epithelial cells which displayed numerous conical protrusions, resulting in a spiny appearance. The dermis was subdivided into the spongious layer of looser connective tissue containing blood vessels, pigment cells, nerves and skin glands and the The skin structure of the Balkan crested newt compact layer formed by collagenous fiber bundles. Pigment cells were usually situated in the dermis beneath the basement membrane ( Figs 1A, B) . On the ventral side, 4-6 cellular layers formed the keratinized epidermis, exhibiting a smoother appearance when compared with the dorsal epidermis (Figs 1C, D) Three distinct types of dermal glands were identified after PAS and Masson's trichrome staining in the stratum spongiosum of the dorsal and ventral skin of T. karelinii: serous, mucous and mixed glands . They occurred in both males and females with similar distribution. In the dorsal region, the serous glands were more numerous than the mucous glands. On the other hand, the number of the mixed glands was smaller than the mucous glands. The ducts of three glands were lined by simple cubic cells and they opened onto the surface of the skin. Moreover, their acini were surrounded by myoepithelial cells ( Fig. 2A) .
Serous glands were large alveolar glands. It was observed that three different serous glands can be distinguished according to their morphology and histochemical affinity. Considering the light microscopic appearance, serous glands were classified as first (I), second (II) and third type (III) serous glands. In the type I gland, the secretory epithelium consisted of three portions with distinct cell borders. Secretory cells had ovoid nuclei and large granules and they were not stained with eosin in the first portion of the gland. In the second part of the gland, the glandular cells contained both large granules unstained with eosin and smaller granules stained with eosin. Their nuclei were smaller with more intense and basophilic appearance than those of the first portion of gland. In the last section, cells filled with numerous eosinophilic secretory granules occurred, exhibiting two or more spherical nuclei. Secretory granules may fuse with each other in some glandular cells ( Fig. 2A) .
In the type II glands, cell borders of secretory epithelium disappeared entirely, transforming into syncytial form. Their nuclei located at the basis is ovoid.
Their lumina were filled with acidophilic small secretory granules (Fig. 2B) . Type III serous glands were larger than other types, and their secretory epithelium was also syncytial, having flattened nuclei basally located. Secretory material in the glandular lumina was homogeneous. In other words, secretory granules were completely fused with each other, showing strong acidophilic after HE-staining (Fig. 2C) . On the other hand, secretory granules within the glandular lumen or secretory epithelium were stained in orange-red after Masson's trichrome (Figs 2D-F) and in blue in BB, exhibiting variable density ( Figs 2G-I) .
The mucous glands were also alveolar and located at the upper layer of the spongious dermis. The mucous glands of T. karelinii were not typical amphibian mucous glands, displaying two distinct morpholo- gies (Figs 3A, B) . Columnar cells of the first glandular type were full of granules basally located at the nuclei, which had a non-regular shape. Some mucous cells were larger than the others within the same gland and these larger cells were filled with strong basophilic secretions (Fig. 3C) . On the other hand, some mucous cells contained large granules whereas the other glandular cells exhibited secretory granules with reticular or fibrous appearance. Their lumina were relatively small and filled with nongranular secretory material (Fig. 3C) . On the contrary, in the second type of mucous glands, the cell outlines became indistinct or may entirely disappear. Their secretory epithelium consisted of a syncytium, showing its cytoplasmic matrix in continuity with the granular secretion; their nuclei were found at the cell base (Fig. 3B) . Secretory granules exhibited PAS positive reaction with variable density in both types of mucous glands. In the first glandular type, secretory granules of some mucus cells showed strong PAS reaction whereas the others had weak PAS reaction within the same gland (Fig. 3C) . Moreover, non-granular material in the glandular lumen revealed PAS reaction with variable staining, ranging from pale to dense (Figs 3D-E) . The second type of mucous glands only displayed strongly positive reaction after PAS staining (Fig. 3B) . Additionally, each type of mucous glands revealed positive staining with AB at pH 2.5 and aldehyde fuchsin. However, both PAS and AB staining patterns varied at cellular level. Secretory cells and luminal materials of all mucous glands were positive to PAS method but not all of them showed AB and aldehyde fuchsin positive reactions (Figs 3F, G) . On the other hand, mucous glands exhibited no reaction to AB at pH 0.2 and to BB.
Mixed glands had the same morphological and histochemical characteristics of serous and mucous glands as described above. In the dorsal and ventral skins, three types of mixed glands, which appeared to contain mucous cells intermingled with the serous cells, were observed (Figs 4A-C). Mucous zone in mixed glands was apically, basally or laterally located in all of the three types of serous glands and was separated by a defined border (Fig. 4D) . Furthermore, the second type of mucous glands only occurred in the mixed glands.
Discussion
Although the Triturus karelinii skin showed the basic morphological structure of urodele integument (Bani et al. 1985; Warburg et al. 1994; Warburg & Rosenberg 1997) , some structural differences were evident in the dorsal and ventral regions. The epidermis was composed of about three to five epithelial cell layers containing numerous protrusions (verrucae) in the dorsal skin region. On the contrary, the ventral skin was thicker and smoother than the dorsal skin. The presence of protrusions in amphibian skin has been reported by several investigators (de Brito-Gitirana & Azevedo 2005; Felsemburgh et al. 2007 ). According to Duellman & Trueb (1994) , these epidermal structures enable to recognize each other among the specimens during breeding season in tailed amphibians. In the light of this information, we considered that protrusions in the dorsal region provide to skin an opaque appearance, affecting sexually the animal behavior. Moreover, Kaptan & Murathanoglu (2008) suggested that in Rana ridibunda (Pallas, 1771) the formation of protuberances was dependent on male sexual hormones.
Three types of skin glands in the stratum spongiosum of the dorsal and ventral skin of T. karelinii were found: serous, mucous, and mixed glands. The present morphological study revealed that the skin glands of T. karelinii are different in some aspects from those of the other anuran amphibians (Staub & Paladin 1997; Delfino et al. 1999; Brizzi et al. 2002) . Serous glands of T. karelinii show large alveoli and are more numerous in dorsal skin when compared to ventral skin. By light microscopy analysis, three serous gland types (I, II and III), which consist of different appearances and sizes of granules, were observed. Several morphological studies dealing with serous gland polymorphism in the amphibian skin have been reported (Delfino et al. 1998 (Delfino et al. , 1999 Nosi et al. 2002) . Delfino et al. (1998) suggested that this polymorphism has been related to the secretory state of the glandular cells or different types of skin glands. These authors also proposed several criteria which can distinguish between the true gland polymorphism and morphological variability in the secretory state. Selection criteria have been determined according to glandular ultrastructure using electron microscopy. Since in the current study ultrastructural analysis was not performed, we believe as do others (Dawson 1937; Lacombe et al. 2000) that serous glands have a secretory cycle and serous products undergo condensation during their cycle. According to our observations, the type I serous glands represent immature glands. These glands have defined cell borders and large basophilic granules in some cells and small acidophilic granules in the other cells. These findings agree with the results obtained from Triturus viridescens (Rafinesque, 1820) (Dawson 1937) , namely granular secretion undergoes changes in both shape and staining reactions during elaboration and storage. At first, very large granules with intensive basophilic stain were produced. During the secretory cycle, small granules were subsequently formed. Similar results have been reported in two urodele species by Navas et al. (1982) and Reyer et al. (1992) . In these species, secretory epithelium of serous glands consists of individual large-sized cells with acidophilic cytoplasm and small secretory granules produced at the beginning of the secretory cycle. Then, the secretory epithelium becomes a syncytial epithelium in the advance stages of secretory cycle. In a similar manner, Lacombe et al. (2000) showed that in Phyllomedusa bicolor (Boddaert, 1772), a South American tree frog, very small granules are firstly formed. Then, they fuse with each other to form larger dense granules, which are ready to be released. The type II serous glands are regarded as mature glands. These syncytial glands exhibited the same histochemical characteristics as those of typical serous glands for other anuran amphibians (Toledo & Jared 1995) . The type III glands are more mature glands at the end of the secretory cycle. These glands are larger than the others and their secretion granules entirely fused with each other. Interestingly, the presence of serous glands like type III glands has been observed in the dorsal tail tubercle, being active during courtship of Mertensiella caucasica (Waga, 1876) and Mertensiella luschani (Steindachner, 1891) (Sever et al. 1997) .
All the three types of granular glands have secretory granules with varying density when stained with H-E and Masson's trichrome stain. Large granules firstly formed were not stained with eosin, but exhibited pale green staining after Masson's trichrome staining. Small granules are eosinophilic, being pink or red after Masson's trichrome stain. On the other hand, secretory granules revealed a positive reaction to BB, suggesting their protein intake but they were negative to PAS and AB. These results demonstrated that serous glands of T. karelinii contain a proteinaceous secretion. It is well known that secretory material of serous glands is source of proteins, biological amines, alkaloids and steroids (Daly et al. 1987; Bevins & Zasloff 1990) .
In T. karelinii, besides serous glands, mucous glands also occur. Mucous glands, like serous glands, are large alveolar glands and more numerous in ventral skin when compared to dorsal skin. Unlike in most amphibians, typical mucous glands were not detected in the skin of Triturus karelinii. In typical mucous glands, secretory epithelium consists of low prismatic or cubic cells limiting large lumen containing non-granular or vesicular secretory material. In addition, the diameter of these glands is smaller than that of serous glands (Dapson 1970; Dominguez et al. 1981; Brizzi et al. 2002) , which is common in amphibians. In T. karelinii, we determined two types of mucous glands according to their morphology and histochemical affinity. In contrast to typical mucous gland, secretory epithelium of the first type of glands consisted of tall columnar cells with a very small lumen. Besides, these glands contained secretory granules of varying sizes with homogenous material in their lumen. In the second type of mucous glands, secretory epithelium has a syncytial form whose cytoplasmatic matrix is continuous with the granular secretion. This type of mucous gland has not been described in any amphibian species yet.
On the other hand, Brizzi et al. (2002) described two different types of mucous glands namely ordinary and specialized mucous glands in Rana dalmatina (Bonaparte, 1840), Rana iberica (Boulenger, 1879) and Rana italica (Dubois, 1987) . In these species, while ordinary or typical mucous glands occur in both male and female dorsal skins, specialized mucous glands are only found in the male dorsal skin. Similarly, glands with two distinct morphologies derived from mucous glands have been shown in amphibians, such as breeding glands in certain anuran species (Conoway & Metter 1967; Siegel et al. 2008; Kaptan & Murathanoglu 2008) and mental hedonic glands in urodele amphibians (Sever 1976) which are known to produce pheromone during breeding season (Conoway & Metter 1967; Yamamoto et al. 2000) . In our sample, the first type of mucous glands morphologically resembles the glands described above but their appearances are histochemically different. Additionally, breeding or specialized glands are sexually dimorphic glands whereas mucous glands of T. karelinii occur both in male and female. Thus, we considered that mucous glands may have a secretory cycle in T. karelinii like that of serous glands. On the other hand, there are limited reports on the secretory cycle of mucous glands. Dawson (1920) showed that mucous glands exhibited different morphologies during the secretory cycle in Necturus maculosus (Rafinesque, 1818). In the early stages of mucous glands, secretory epithelium consists of low cubic cells radially arranged around the large lumen. Subsequently, cells enlarge and reach the lumen. In the late stage, cell borders entirely disappear and secretory epithelium transforms into syncitium. Similar results have been reported in Pleurodeles walti (Michalles, 1830) by Bueno et al. (1981) . These findings may provide the evidence that mucous glands of T. karelinii have different morphologies during the secretory cycle.
Although mucous cells and secretions in the lumen of the first type glands were PAS positive, the intensity of PAS staining generally varied from cell to cell. In contrast, the second type of mucous glands only showed strong PAS positive reaction. These findings support that secretory granules contain neutral mucopolysaccharides. Moreover, mucous glands also revealed positivity to AB at pH 2.5 and aldehyde fuchsin, indicating acid and sulphated mucosubstances. However, PAS, AB and aldehyde fuchsin staining patterns varied at the cellular level. Similar results have been shown in mucous glands of Xenopus laevis (Daudin, 1802) (Thomas et al. 1993) . We considered that distinct histochemical reactions may be due to their glandular content during secretory cycle.
We also described in the dorsal and ventral skin a third type of glands, namely mixed gland. Mixed glands have been described in certain anurans (Seki et al. 1995; Kaptan & Murathanoglu 2008) and urodele species (Delfino et al. 1982; Brizzi et al. 2000; Tsurada et al. 2002) . However, there are no reports on the presence of mixed glands in the dorsal or ventral skins of T. karelinii. These glands possess the same morphological and histochemical traits as those of mucous and serous glands previously described. Because mucous zone with varying sizes of mixed glands is apically, basally or laterally located in serous glands, we believe that mixed glands are composed of a second type of mucous glands in all three types of serous glands.
Although the presence of mixed glands in amphibian skin is well known for a long time, there is no consensus among investigators about their functions. According to Dawson (1920) , amphibians need much more mucous secretions to keep moist of their skin in unsuitable conditions, which can be tolerated through the conversion of serous cells into mucous cells. On the other hand, in our study, which has not been published yet, we found significant correlation between the numbers of mixed glands and of serous glands in comparison to animals injected with some hormones. For instance, testosterone treatment increased the number of serous glands whereas it reduced the number of mucous and mixed glands. As it is well known, amphibian skin, which is one of the secondary sex characteristics, has receptors for androgens and is under the influence of these hormones (D'istria et al. 1975) . Therefore, we believed that these glands might be an intermediate form in the stage of conversion from serous into mucous glands. Similarly, Dawson (1920) suggested that mixed glands may be an intermediate structure in conversion from serous to mucous cells in Necturus maculosus. In contrast, Delfino et al. (1982) have ultrastructurally described the development of mixed glands in Salamandra salamandra (L., 1758), Salamandra terdigitata (Dunn, 1918) , Triturus alpestris (Laurenti, 1768), Triturus cristatus (Laurenti, 1768) and Euproctus platicephalus (Gravenhorst, 1879) in early larval stages. Because the developmental approach was not the main goal of this study, the development of mixed glands at larval phases in T. karelinii was remained unclear.
Consequently, the present microscopic study revealed that the dorsal and ventral skins of T. karelinii have the same morphological structures with some minor differences, possibly results of their functions.
